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LASER SCANNING APPARATUS AND
METHOD OF USE

[0001] This invention relates to the field of measurement
beam scanning systems and, more preferably, laser scanning
systems.

[0002] A variety of measurement beam scanning systems
are available for detecting or measuring. For example, the
Cavity Autoscanning Laser System (C-ALS)has been sold by
Measurement Devices Ltd. for measuring inaccessible voids
and cavities, such as underground caverns for potential min-
ing operations. The C-ALS has a laser head that is rotated by
a pan and tilt mechanism. The laser head can be attached to a
telescopic boom and lowered into a cavity through an access
borehole. The laser scans the cavity as it is rotated and angled
by the pan and tilt mechanism and a detailed 3D representa-
tion of the cavity produced.

[0003] Another system uses a continuously measuring
laser to be directed vertically and horizontally, usually by
motorized means, to vector scan surrounding objects or
topography. This allows the creation of point clouds of x, y
and z data from which a scaled facsimile of the object or
topography may be generated, usually by computer graphics
modeling techniques. Large or complex object or areas may
be surveyed using this technique by scanning from multiple
directions or stations and mathematically stitching the x, v,
and z data to form one model. This method is well established
and effective, but relatively slow. An example of such a prod-
uct is Measurement Devices Ltd. Quarryman System.
[0004] Mobile scanning has also become a possibility with
the introduction of high precision navigation and attitude
measuring systems. In a mobile system, single or multiple
scanners moving in planes with known relation offset to the
axis of the mobile vehicle are used to line scan objects or
topography as the vehicle passes by. In order to do this, one
requires the position and trajectory of the vehicle to be accu-
rately determined using radio, satellite or laser positional
systems. The attitude, i.e., pitch, roll, yaw, heave and heading
need to be determined, usually by multiaxis gyro systems.
Continuous laser scanning is conducted in one or more known
planes with respect to the vehicle position and trajectory. This
method is faster and more efficient than stationary scanning,
although it can be less accurate and more expensive. The
resulting scans may have occlusions or black areas because
the scanning plane is generally normal to the direction of
travel. One example of such a product is the Dynascan System
produced by Measurement Devices Ltd.

[0005] A number of scanning mechanisms are available,
including the rocking mirror, spinning polygon mirror and
spinning laser beam. These mechanisms are employed for
stationary and mobile mapping systems such as the Topcon
GLS-1000 (rocking mirror), Riegl V2 400 (spinning polygon
mirror) and the Optech Lynx System (spinning 360 degree
Prism laser beam). Each of these three mechanisms provide
vertical and/or planar scans. None provide variable laser
angle scanning capabilities.

[0006] A need exists for further development of laser scan-
ning systems, preferably a system that is mobile, simple,
efficient, inexpensive to produce, robust and able to accu-
rately detect and measure objects and topography, while
minimizing occlusions and shading in the 3D images pro-
duced by the system.

[0007] The present invention provides an improved beam
scanning apparatus, and in particular according to a first
aspect the invention there is provided a laser scanning appa-
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ratus comprising a housing comprising at least one laser, in
which the apparatus is configured to emit at least first and
second laser beams from the housing, the at least first and
second laser beams being rotatable about a common axis of
rotation.

[0008] As the beams are configured to rotate about a com-
mon axis, it is much easier to tie together the data from the
scans they provide into a common coordinate system. This
can also therefore reduce the complexity of any calibration of
the apparatus. Furthermore, providing at least first and second
beams that are rotatable about a common axis of rotation
enables multiple scans, along multiple paths, to be obtained
with the use of only a single scanning head.

[0009] The apparatus can be configured such that the path
of at least one of the first and second laser beams is in the
shape of a cone when it moves about the axis of rotation.
Accordingly, at least one of the first and second laser beams
can be projected at a non-perpendicular angle to the common
axis of rotation. For example, at least one of the first and
second laser beams can be projected at an acute angle of
between 80° and 5°, more preferably between 70° and 10°, for
example between 60° and 20°, relative to the common axis of
rotation.

[0010] The apparatus could comprise one laser only. For
instance, at least one optical component could be used to
create the at least first and second laser beams from a beam
emitted by the one laser. In this case, at least one of the at least
one optical components could be configured to rotate so as to
cause the at least first and second laser beams to rotate about
the common axis.

[0011] Each laser beam emitted from the housing could be
generated by its own laser. Optionally, the apparatus can
comprise at least first and second lasers for generating the at
least first and second laser beams. The at least first and second
lasers can be configured to rotate about a common axis so as
to cause the laser beams to rotate about a common axis.
[0012] The at least first and second lasers can be rotation-
ally fixed relative to each other. For example, the first and
second laser beams could be configured such that they cannot
rotate relative to each other about their common axis of rota-
tion. The at least first and second lasers could be fixed relative
to each other, such that they cannot move relative to each
other.

[0013] The housing can be rotatable about an axis of rota-
tion. The laser scanning apparatus could be configured such
that the at least first and second laser beams are configured to
rotate with the housing. Accordingly, the at least first and
second laser beams could be rotationally fixed relative to the
housing. The at least first and second laser beams could be
fixed relative to the housing. At least one of the first and
second lasers can be positioned in the housing at an angle
such that the path of its laser beam is in the shape of a cone
when the housing moves about its axis of rotation. In particu-
lar, at least one of the first and second lasers can be positioned
in the housing at a non-perpendicular angle relative to the
common axis of rotation. The at least first and second lasers
can be positioned in the housing at an angle such that the path
of their laser beams are each in the shape of a cone when the
housing moves about its axis of rotation.

[0014] Atleastone of the first and second laser beams could
be configured to rotate about the common axis such that its
path is contained within a plane as it rotates about the com-
mon axis. Accordingly, the second laser beam could be emit-
ted from the housing such that its path extends perpendicu-
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larly to the common axis of rotation. Both of the first and
second laser beams could be configured to rotate about the
common axis such that their paths are each contained within
a plane as they rotate about the common axis. Accordingly,
the first and second laser beams could be configured to be
contained within parallel planes as they rotate about the com-
mon axis. Optionally, the first laser beam can be rotatable
about the common axis of rotation such that its path is in the
shape of a cone when it moves about the axis of rotation, and
the second laser beam can be rotatable about the common axis
ofrotation such that its path is also in the shape of a cone when
it moves about the axis of rotation.

[0015] Preferably, the cone of the second laser beam is
different to that of the first laser beam. Accordingly, the first
and second laser beams can be projected at a non-perpendicu-
lar angle to the common axis of rotation. Accordingly, at least
two of the laser beams emitted from the housing can rotate
about the common axis such that their paths are in the shape
of'acone. Accordingly, the first and/or second laser beams can
be projected at an acute angle between 80° and 5°, more
preferably between 70° and 10°, for example between 60° and
20°, relative to the common axis of rotation. As will be under-
stood, the atleast first and second beams could be projected at
different angles relative to the common axis. Optionally, the
at least first and second beams could be projected at the same
angle. Inthis case different conical paths could be obtained by
the first and second beams being projected at different points
along the length of the common axis, and/or in different
directions (e.g. backwards and forwards).

[0016] The apparatus can be configured such that the at
least two cones defined by the rotation of the at least first and
second beams face in different directions. For example, the at
least two cones could face in opposite directions, e.g. dia-
metrically opposed directions. For example, the first and sec-
ond cones (respectively defined by the rotation of the first and
second beams about the common axis of rotation) could face
forwards and backwards (or upwards and downwards).
[0017] The at least first and second beams could be emitted
simultaneously. The at least first and second beams could be
emitted continuously. As will be understood, this need not
necessarily be the case. For instance, the at least first and
second beams could be emitted alternately as they rotate
about the common axis of rotation. This could be the case, for
example, when the first and second laser beams are generated
from a common laser.

[0018] The reflection, e.g. the backscattering, of the at least
first and second beams (e.g. from objects in the vicinity of the
apparatus) could be detected by a single detector in the hous-
ing. Optionally, a plurality of detectors are provided. For
instance, optionally the apparatus comprises, for each of the
at least first and second laser beams, at least one associated
detector configured to detect backscattering of the laser beam.
Optionally, the at least one detector could be configured to
rotate, for example about the common axis of rotation.
Accordingly, the at least one detector could be configured to
rotate about the common axis of rotation at the same rate as
the at least first and/or second beam rotates about the common
axis. For example, in embodiments in which the housing
rotates, the at least one detector could be configured to rotate
with the housing. Accordingly, the at least one detector could
be rotationally fixed relative to the housing. The at least one
detector could be fixed relative to the housing.

[0019] At least one of the at least first and second beams
could be projected ata steady, i.e. constant, angle with respect
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to the common axis of rotation as it is rotated about the at least
one common axis. Optionally, both of the at least first and
second beams could be projected at a steady, i.e. constant,
angle with respect to the common axis of rotation as it is
rotated about the common axis of rotation.

[0020] Preferably the cross-sectional area of at least one of
the at least first and second beams is substantially constant
along its length. Preferably the cross-sectional area of the at
least first and second beams is substantially constant along
their length. In other words, preferably at least one of the at
least first and second beams does not diverge or converge
along its length. Preferably the at least first and second beams
do not diverge or converge along their length.

[0021] As will be understood, at least one additional beam,
for instance at least a third beam, could be emitted from the
housing. As will be understood, the statements made above
and below in connection the at least first and second laser
beams also apply to any additional laser beams. For example,
at least one of the at least one additional beam could be
configured to rotate about the common axis of rotation. At
least one of the at least one additional beam could be config-
ured to rotate about the common axis such that its path stays
within a plane. Optionally, at least one of the at least one
additional beam could be configured to be rotatable about the
common axis of rotation such that its path is also in the shape
of'a cone when it moves about the axis of rotation.

[0022] As will be understood, the apparatus has many suit-
able applications. For instance, the apparatus could be used to
detect and/or measure at least one object. In particular it can
be used to determine the distance between at least one object
and the apparatus, in particular the housing. For instance, the
apparatus could be configured to measure the surroundings in
which the apparatus is located. For instance, the apparatus
could be used to generate a computer generated 3-dimen-
sional (3D) topographical model of the surroundings in which
the apparatus is located. Accordingly, the apparatus could
comprise at least one processor device configured to process
the detected reflected beams to determine the distance to at
least one object. The processor could be configured to deter-
mine the time it has taken for the laser beam to reach the at
least one object and then be reflected back again to the detec-
tor. Accordingly, the apparatus could be what is commonly
known as a time-of-flight laser scanning apparatus. The at
least first and second beams could comprise a continuous
series of laser pulses. In this case, the apparatus could be
configured to determine the time taken for backscattered
pulses to be detected by at least one detector in the housing.
Accordingly, the apparatus could be what is commonly
known as a pulsed time-of-flight laser scanning apparatus.
Lasers suitable for use with the present invention include
those that emit laser beams in the ultraviolet to infrared range.
For example, the laser(s) for generating the at least first and
second laser beams could emit infra red light, for instance
light in the near or short-wavelength infrared range (for
instance in the range of 850 nm to 1550 nm).

[0023] The apparatus could be configured to use a series of
measurements of the distance between the housing and at
least one object, with information about the laser beam’s
emission position and direction for each of the measurements,
to create a cloud of measurement points. Accordingly, the
cloud of measurement points can represent the topography of
the surroundings in which the housing is located. The appa-
ratus, for instance the processor, could be configured to tie
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together measurement data obtained from the detection of the
backscattering of each of the at least first and second beams.
[0024] As will be understood, the apparatus can comprise
positional instrumentation to enable the position of the hous-
ing (and for instance the common axis of rotation) to be
determined in at least one dimension, preferably in at least
two orthogonal dimensions, more preferably in at least three
orthogonal dimensions. For instance, the housing can com-
prise a triangulation positioning system unit which enables
the location of the housing (and for instance the common axis
of rotation) to be determined via triangulation. This could be
a local system, for instance at least three transmitter/receiver
units could be located in the vicinity of the housing to which
transmit to the housing/receive from the housing at least three
triangulation signals. The triangulation system could be a
regional or even a global system. For example the housing
could comprise a satellite positioning system unit which
receives signals from satellites to enable such as a Global
Positioning System (GPS) unit. Positional instrumentation
can also include for example, motion sensors, inertial sensors,
accelerometers, gyroscopes, altimeters, etc.

[0025] The apparatus can comprise orientation instrumen-
tation in order to enable the rotational orientation of the
housing (and for instance the common axis of rotation) about
at least one axis to be determined, more preferably about at
least two orthogonal axes, especially preferably about at least
three orthogonal axes. For instance, the housing could com-
prise a compass, at least one accelerometer, at least one incli-
nometer, and/or at least one gyroscope. Of course, such
instrumentation could also or instead be used to determine the
position of the housing (and for instance the common axis of
rotation). The housing could comprise an inertial measure-
ment unit.

[0026] Accordingly, the apparatus can comprise such
instrumentation to enable the position and/or direction of
emission of the at least first and second laser beams to be
determined at any particular instant in time. Furthermore, the
apparatus, for example the housing, could comprise at least
one rotational encoder. The rotational encoder could be used
to determine the rotational position of the beam about the
common rotational axis at any instant in time.

[0027] Each of the at least first and second laser beams
could be configured to rotate about a common bearing. Each
of'the at least first and second laser beams could be caused to
rotate about a common axis of rotation by a common rotation
device that rotates about an axis. For example, at least first and
second laser beam generation components (e.g. first and sec-
ond lasers, or first and second beam splitters), could be
mounted to a common rotation unit which is configured to
rotate about an axis of rotation. For instance, in embodiments
in which the housing rotates, then the common rotation unit
could be the housing.

[0028] The present invention also provides an improved
method of scanning using a beam scanning apparatus, com-
prising a housing from which at least first and second beams
are emitted from the housing, the method comprising: rotat-
ing the at least first and second beams about a common axis.
For example, the method could comprise rotating the at least
first and second beams about a common axis such that they
each describe a different path, at least one of the beams
describing a conical path as it rotates about the common axis.
[0029] According to a second aspect of the invention there
is provided a method of scanning using a laser scanning
apparatus comprising a housing from which at least first and
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second beams are emitted (e.g. in different directions) from
the housing, the method comprising: rotating the at least first
and second beams about a common axis such that they each
describe a different path. At least one of the beams can
describe a conical path as it rotates about the common axis.
[0030] As will be understood, features described above in
connection with the apparatus of the invention are also appli-
cable to the method of the invention, but for the sake of brevity
are not repeated here. For example, the method can comprise
rotating the at least first and second beams about a common
axis such that they each describe a different conical path. The
method can comprise rotating the housing so as to rotate the
at least first and second beams about the common axis. The
first and second conical paths can face in opposite directions.
[0031] The method can further comprise linearly moving
the housing in a direction parallel to the axis of rotation. At
least one of laser beams can describe a forward or rearward
facing cone, e.g. the cone’s centre line can extend substan-
tially parallel, for example substantially co-incident, with the
common axis of rotation. In embodiments in which each of
the first and second laser beams describe a cone as they rotate
about the axis, one of first and second laser beams can
describe a forward facing cone and the other can describe a
rearward facing cone. Optionally, at least one of the laser
beams can describe a sideways facing cone, e.g. the cone’s
centre line can extend substantially perpendicularly to the
common axis of rotation.

[0032] As set out in connection with the apparatus of the
invention, the method of the invention can be used for many
suitable applications. For example, the method can comprise
determining the presence/absence of at least one object and/
or measuring at least one object using the apparatus. The
method can comprise using the apparatus to obtain a series of
measurements of the distance between the housing (for
instance the common axis of rotation) and the at least one
object. The method can comprise using the series of measure-
ments to create a cloud of measurement points. The cloud of
measurement points could represent the topography of the
surroundings in which the housing is located. As set out above
in connection with the apparatus of this invention, this could
involve using data about the at least one laser beam’s emis-
sion position and direction. The method can comprise tying
together measurement data obtained from detection of back-
scattering of each of the at least first and second beams.
[0033] According to a third aspect of the invention there is
provided a method of scanning an object, comprising moving
a laser scanning apparatus past the object, in which the laser
scanning apparatus projects at least one laser beam at an angle
relative to the direction of travel so as to extend in both
forward and backward directions relative to the direction of
travel as the laser scanning apparatus moves past the object.
[0034] Orienting the at least one laser beam in this manner
increases the amount of data that can be obtained about the
object as the laser scanning apparatus passes past the object as
opposed to beam that extends perpendicular to the direction
of travel. For instance, as well as scanning the side of the
object that faces the laser scanning apparatus, this method
ensures that front and rear faces of the object can be scanned
also, even if movement of the laser scanning apparatus is
contained within a plane, e.g. moved past the object in a
straight line.

[0035] As will be understood, the at least one laser beam is
projected at an angle with respect to the direction of motion,
in particular at a non-perpendicular angle. The laser scanning
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apparatus could project at least two beams, one in the forward
direction and another in the backward direction. The at least
one beam could be a fan beam. This could be provided by a
beam that diverges away from the apparatus. Optionally, this
could be provided by a beam of constant cross-sectional
dimension along its length that oscillates in a plane. The at
least one beam could have a constant cross-sectional dimen-
sion along its length. The at least one laser beam could be
rotated about an axis. The at least one laser beam could be
positioned at an angle (e.g. a non-perpendicular angle) rela-
tive to the axis of rotation such that it describes a cone as it
rotates about the axis of rotation. The at least one laser beam
could be projected ata steady, i.e. constant, angle with respect
to the common axis of rotation as it is rotated about the at least
one common axis. Optionally, the at least one laser beam
could be configured such that the centre line of the cone it
describes as it rotates about the axis of rotation is parallel to
the direction of travel. The at least one laser beam could be
configured such that the centre line of the cone it describes as
it rotates about the axis of rotation is at an angle with respect
to the direction of travel, e.g. is substantially perpendicular to
the direction of travel.

[0036] As will be understood, at least one second laser
beam can be projected at an angle with respect to the direction
of' motion, in particular at a non-perpendicular angle. Option-
ally, at least one second laser beam can be angled relative to an
axis of rotation such that it describes a cone as it rotates about
the axis of rotation. Optionally, the at least one second laser
beam could be configured such that the centre line of the cone
it describes as it rotates about the axis of rotation is parallel to
the direction of travel. Optionally, the at least one laser beam
could further be configured such that the centre line of the
cone it describes as it rotates about the axis of rotation is at an
angle with respect to the direction of travel. The at least one
laser beam could be configured such that the centre line of the
cone it describes as it rotates about the axis of rotation is at an
angle with respect to the direction of travel, e.g. is substan-
tially perpendicular to the direction of travel.

[0037] As will be understood, features described above in
connection with the apparatus and other method of the inven-
tion are also applicable to this method of the invention, but for
the sake of brevity are not repeated here.

[0038] This application also describes a novel cone scan-
ning laser system and methods for its use. “Cone scanning” is
a term used herein to refer to a method of operating a laser
scanning system whereby a laser is positioned at an angle
within a rotating housing such that the path of the laser beam
forms a cone as the housing moves about its axis of rotation.
The system does not necessarily include a tilt mechanism,
thereby simplifying its design and reducing the number of
moving parts. The cone scanning laser system and method
described herein allow users to make laser measurements, for
example, to detect and describe objects or topography in three
dimensions.

[0039] The term “laser system™ as used herein is also com-
monly referred to in the industry by the term LiDAR (light
detection and ranging). In the system and method according
to the invention, the cone scanning angle measurements are
determined using optical encoders or other similar means of
measuring rotation angle triggered by the laser pulses on
emission and return. Collected cone scanning laser and angle
datais registered and time tagged together with the navigation
and attitude data to determine the 3D coordinates of the laser
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point clouds which are processed (real time or by later post
processing) to produce 3D images or maps.

[0040] This application describes a cone scanning laser
system, comprising: a) a housing that moves about an axis of
rotation; and b) a laser positioned in the housing at an angle
such that the path of its laser beam is in the shape of a cone
when the housing moves about its axis rotation. For example,
one embodiment of the invention is a cone scanning laser
system comprising a rotating housing and a laser, wherein the
laser is positioned in the housing such that its laser beam is
transmitted at an angle and its path forms a cone as the
housing moves about its axis of rotation. The position of the
laser within the housing may be fixed or, alternatively, the
position of the laser within the housing may be variable such
that the laser can be transmitted at different angles.

[0041] Another embodiment of the invention is a cone
scanning laser system comprising two or more lasers held
within a rotating housing. At least one of the lasers is posi-
tioned such that it is transmitted at an angle. As the housing
rotates, the path of the angled laser beam is in the shape of a
cone. Such a cone scanning laser device can have a number of
different configurations. For example, a cone scanning laser
system may comprises three lasers held in a rotating housing
device, wherein a first laser is positioned at an upward angle,
a second laser is positioned at a horizontal angle, and a third
laser is positioned at a downward angle. In another example,
two or more lasers positioned at different angles are held in a
rotating housing and the operator can select any or all angled
laser or lasers to scan as the housing moves about its axis of
rotation.

[0042] The cone scanning laser systems according to the
invention can be part of a stationary or mobile system. For
example, one embodiment of the invention is a cone scanning
laser system that operates from a fixed location to detect and
describe objects or topography in three dimensions. The cone
scanning laser system comprises a rotating housing at a sta-
tionary location and a laser, wherein the laser is positioned in
the housing such that its laser beam is transmitted at an angle
and its path forms a cone as the housing moves about its axis
of rotation.

[0043] Inanother example, the cone scanning laser system
according to the invention may be attached to a rotation or
panning mechanism. For example, the cone scanning laser
system may be attached to a rotating pan on top of atripod. As
the laser rotates while the housing moves about its axis of
rotation, the cone scanning laser system may be further
rotated on the panning mechanism.

[0044] An additional preferred embodiment of the cone
scanning laser system according to the invention is a scanning
system that could improve upon or compliment the CAL-S
system. While the C-ALS has many benefits, it also has
potential shortcomings in dealing with irregular shaped cave
surfaces that may result in blindspots to the laser scanning
system. Additionally, the access to a cavity may be such that
the C-ALS is lowered on the telescopic boom for a great
distance or at an awkward angle that may cause the laser head
to get stuck. It would also be beneficial to have a simpler
system with fewer moving parts, less weight, greater resis-
tance to water and a lighter and more robust laser head.
[0045] A cone scanning laser system according to the
invention, for example, is a cone scanning laser device
attached to the end of a boom lowered into an underground
cavity. The cone scanning laser system operates to determine
the topography of the cavity and produce a 3D map of the
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cavity. Preferably, the cone scanning laser system according
to this embodiment has multiple lasers positioned at different
angle within the housing to capture data including irregularly
shaped surfaces throughout the cavity.

[0046] As another embodiment of the present invention, is
a mobile cone scanning laser system that detects and
describes objects or topography in three dimensions. A par-
ticular example of a mobile laser scanning system is a cone
scanning laser system attached to a vehicle that detects
obstacles in the path of the vehicle. In the context of this
invention, the moving vehicle can be any land, sea or air
vehicle, including but not limited to an airplane, helicopter,
automobile, motorcycle, military vehicle or boat. In a pre-
ferred embodiment, the cone scanning laser system is
attached to a vehicle to gather data to determine potential
landing sites. Another example is a mobile cone scanning
laser system affixed to a moving vehicle wherein the cone
scanning system gathers information regarding objects and
topography in three dimensions.

[0047] Besides the embodiments related to the cone scan-
ning laser device or system, the invention is further directed to
methods of conducting a cone scanning operation. For
example, in a preferred embodiment is a method of describing
an object or topography in three dimensions by scanning the
object or topography with a cone scanning laser system
according to the invention.

[0048] In another preferred embodiment is a method of
detecting an obstacle in the path of a moving vehicle by
scanning the area adjacent to the moving vehicle with a cone
scanning laser system.

[0049] In a further preferred embodiment, is a method of
locating a suitable helicopter landing area which comprises
operating a cone scanning laser system attached to the heli-
copter, wherein the land area below and adjacent to the heli-
copter is subjected to cone scanning to detect objects and
topography and determine a suitable landing area.

[0050] In another preferred embodiment is a method of
detecting the presence or volume of a material or toxic sub-
stance by scanning an area potentially containing the material
or toxic substance with a cone scanning laser system accord-
ing to the invention.

[0051] Information gathered from any stationary or mobile
cone scanning laser system or method according to the inven-
tion may be further used to prepare or provide location infor-
mation, maps, terrain data, volumetric measurements, other
navigation or route guidance. The information may also pro-
vide images of buildings, structures, landforms, terrain, geo-
graphic formations, waterways, natural resources, or other
objects. The information may further be used to identify
traffic patterns, weather conditions, boundaries, obstacles,
road conditions or events. That information may also be used
to identify the presence, approach or retreat of moving
objects, weapons, vehicles, persons, or animals.

[0052] Another preferred embodiment of the stationary or
mobile laser scanning system or method according to the
invention is to provide a cone scanning laser system that is,
relative to existing laser scanning systems, more accurate,
fast, reliable, lightweight, economical, robust, and/or water-
tight. Preferably the cone scanning laser system has a simpler
design, e.g., through the use of fewer angles of rotation for the
laser housing.

[0053] Embodiments of the invention will now be
described, by way of example only, with reference to the
accompanying figures, in which:
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[0054] FIG. 1 is a diagram of an embodiment of a cone
scanning laser system with a single laser.

[0055] FIG. 2 is a diagram of a preferred embodiment of a
laser scanning system is according to the invention with mul-
tiple lasers positioned at different angles relative to the axis of
rotation.

[0056] FIG. 3 is a diagram of another preferred embodi-
ment of a laser scanning system according to the invention
with three lasers positioned at upward, horizontal and down-
ward angles relative to the axis of rotation.

[0057] FIG. 4 is a diagram of the laser scanning system
according to the invention from FIG. 3 attached to a rod and
lowered through a borehole into a cavity. Once inside the
cavity, the cone scanning laser device performs a cone scan-
ning of the cavity and obtains a three dimensional image of
the cavity topography. During cone scanning, the housing
moves about its axis of rotation while it is lowered down into
the cavity. Onboard sensors (navigation system) monitor and
correct for the pitch roll and yaw of the laser relative to the
start point. The diagram shows a snapshot of the paths of the
three cone scanning lasers and the overall areas of the cavity
scanned by each respective laser.

[0058] FIG. 5 is a side view diagram of a preferred embodi-
ment of a mobile cone scanning laser system according to the
invention.

[0059] FIG. 6 is a diagram of a mobile laser scanning sys-
tem according to the invention on a helicopter, wherein the
cone scanning laser system detects a cable suspended in the
air.

[0060] FIG. 7 is a diagram of a prior art conventional line
scanner on an aircraft.

[0061] FIG. 8 is a diagram of a laser scanning system
according to the invention on an aircraft.

[0062] FIG. 9 is a diagram of a laser scanning system
according to the invention on an aircraft, wherein a variable
cone angle mechanism may be used to guide the laser.
[0063] FIG. 10 is a diagram of a laser scanning system
according to the invention on a helicopter, with multiple cone
scanning lasers used at different angles.

[0064] FIG. 11 is a diagram of a laser scanning system
according to the invention mounted on a tripod with a rotating
mechanism having a panning range of 360 degrees.

[0065] FIG. 12 is a diagram of a multi-laser cone scanning
laser system according to the invention in which two lasers
rotate about one axis of rotation.

[0066] FIG. 13 is a multihead, multi-laser cone scanning
system according to the invention.

[0067] FIG. 14 is a diagram of a multihead, multilaser cone
scanning system according to the invention mounted on a
ground motor vehicle.

[0068] FIG. 15 is a diagram of an apparatus according to the
invention in which one laser is provided from which two laser
beams are generated and emitted from the housing.

[0069] FIG. 16 is a diagram of an apparatus according to the
invention in which one laser source is provided from which
two laser beams are generated and emitted from the housing,
and in which one detector is provided for detecting backscat-
tering of both beams emitted from the housing.

[0070] While the invention is susceptible to various modi-
fications and alternative forms, specific embodiments have
been shown by way of example in the drawings and will be
described in detail herein. However, it should be understood
that the invention is not intended to be limited to the particular
forms disclosed. Rather, the intention is to cover all modifi-
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cations, equivalents and alternatives falling within the spirit
and scope of the invention as defined by the appended claims.
[0071] A novel cone scanning laser system and methods for
its use are provided. “Cone scanning” is a term used herein to
refer to a method of operating a laser scanning system
whereby, as described and according to some embodiments, a
laser is positioned at an angle within a rotating housing (for
example) such that the path of the laser beam forms a cone as
the housing moves about its axis of rotation. The system does
not necessarily include a tilt mechanism, thereby simplifying
its design and reducing the number of moving parts. The cone
scanning laser system and method described herein allow
users to make laser measurements, for example, to detect and
describe objects or topography in three dimensions.

[0072] The term “laser scanning system” as used herein is
also commonly referred to in the industry by the term LiDAR
(light detection and ranging). In example embodiments of the
system and method according to the invention, the cone scan-
ning angle measurements are determined using optical
encoders or other similar means of measuring rotation angle
triggered by the laser pulses on emission and return. Col-
lected cone scanning laser and angle data can be registered
and time tagged together with the navigation and attitude data
to determine the 3D coordinates of the laser point clouds
which are processed (real time or by later post processing) to
produce 3D images or maps.

[0073] The basic unit of the cone scanning laser system is
shown in FIG. 1. A housing unit 1 is provided that can rotate
about an axis 2, also referred to herein as its axis of rotation.
A laser 3 is positioned within the housing at an angle such that
the path of its laser beam 4 is in the shape of a cone. The
position of the laser 3 within the housing 1 may be fixed or
variable. In the case of a variable laser, the position of the laser
3 can be adjusted such that the angle of its laser beam 5 can be
increased or decreased. During scanning, the movement of
the housing 1 is limited to its rotation around its axis 2. In
other words, the cone scanning laser system does not employ
a tilt mechanism. By avoiding the tilt mechanism, the cone
scanning laser system has a simpler, more robust design.
[0074] Another embodiment of the invention is a cone
scanning laser system comprising two or more lasers held
within a rotating housing. At least one of the lasers is posi-
tioned such that it is transmitted at an angle. As the housing
rotates, the path of the angled laser beam is in the shape of a
cone. Such a cone scanning laser device can have a number of
different configurations. An embodiment of the multi-laser
cone scanning system is shown in FIG. 2. A housing 1 that is
capable of rotating around its axis 2 holds four lasers 3A, 3B,
3C, 3D, which are held in different positions within the hous-
ing. The lasers 3A, 3B, 3C, 3D each project a laser beam 4A,
4B, 4C, 4D at different angles aA, aB, a.C and an relative to
the axis of rotation 2. The laser beams 4A, 4B, 4C, 4D each
describe a different conical path (in space), as the housing
rotates about its axis 2. Each of the laser beams are caused to
rotate by the rotation of the housing and therefore all rotate
about the same axis of rotation, i.e. about a common axis of
rotation. The lasers may operate simultaneously, or the opera-
tor may have the ability to select a laser or lasers to operate at
certain times. Sensors in the housing detect the backscattering
of'the laser beams 4A, 4B, 4C, 4D by objects in the vicinity of
the cone scanning laser system. For each laser beam, a pro-
cessor (or processors) determines the time taken for the laser
beam to be reflected by an object back to the detector and
thereby can calculate the distance to the object. This is done
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continuously as the laser beam is scanned about the axis of
rotation. In some embodiments, a processor can collate all the
measurement data obtained via all of the laser beams and tie
them together. This data, along with information about the
location and direction of emission of the laser beams (e.g.
from position and orientation instrumentation in the housing,
and a rotary encoder which monitors the angular orientation
of the housing at it rotates) enables the processor to create a
cloud of measurement data points which is representative of
the cone scanning laser system’s surrounding topography.

[0075] Another example of a cone scanning laser system
according to the invention with multiple lasers is shown in
FIG. 3. A housing 1 that is capable of rotating around its axis
2 holds three lasers 3A, 3B, 3C, which are held in different
positions within the housing. The lasers 3A, 3B, 3C each
project a laser beam 4A, 4B, 4C at different angles aA, aB,
aC. The lasers may operate simultaneously, or the operator
may have the ability to select a laser or lasers to operate at
certain times. In FIG. 3, first laser 3A is positioned at an
upward angle LA, a second laser 3B is positioned at a hori-
zontal angle aB, and a third laser 3C is positioned at a down-
ward angle aC relative to the vertical axis of rotation 2. In a
preferred embodiment, the upward angle is about 45 degrees,
the horizontal angle is about 90 degrees, and the downward
angle is about 130 degrees, relative to the vertical axis of
rotation. Accordingly, the laser beams 3A, 3B, 3C each
describe a different conical path (in space), as the housing
rotates about its axis 2. Each of the laser beams are caused to
rotate by the rotation of the housing and therefore all rotate
about the same axis of rotation, i.e. about a common axis of
rotation. As with the embodiment shown in FIG. 2, sensors in
the housing detect the backscattering of the laser beams 4A,
4B, 4C, by objects in the vicinity of the cone scanning laser
system, the data from which can be used to build a cloud of
measurement data points which is representative of the cone
scanning laser system’s surrounding topography. As will be
understood, in an alternative embodiment, each of the laser
beams 4A, 4B, 4C could be emitted at an angle perpendicular
to the axis of rotation such that they each rotate in a plane as
they move about the axis of rotation.

[0076] FIG. 4 shows the cone scanning laser system of FIG.
3 in an operation to detect and describe the topography of an
underground cavity 9. The cone scanning laser device 10 is
attached to the end of a boom 11, which is lowered into an
underground cavity 9 through a borehole 12. The cone scan-
ning laser system 10 operates to determine the topography of
the cavity 9 and produce a 3D map of the cavity as it is
lowered from start position 13 to end position 14. In that
operation, the three lasers 3A, 3B, 3C are able to scan differ-
ent parts of the cavity based on their angled position within
the housing 1. The top laser 3A is fixed at an upward angle
(approximately 45 degrees from vertical axis 2) the path of its
laser beam 4A forms a cone that can scan the area at the top of
the cavity 6, particularly when the cone scanning laser device
is positioned at the bottom of the cavity 14. The middle laser
3B is fixed at an angle perpendicular to the axis 2 of the
rotating housing 1 (approximately 90 degrees from vertical
axis 2) and the path of its laser beam 4B can scan the area
along the walls of the cavity 7. The lower laser 3C is fixed at
a downward angle (approximately 135 degrees from vertical
axis 2) and the path of its laser beam 4C forms a cone that can
scan the area at the bottom of the cavity 8, particularly when
the cone scanning laser system is positioned at the top of the
cavity 13. The use of the three cone scanning lasers 3A, 3B,
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3C provides superior scanning ability and virtually eliminates
blind spots to the scanning system. The housing may also
contains one or more IR illuminators 15 and one or more
cameras 16. The housing further contains a motor drive
assembly to rotate the housing 1.

[0077] Additionally, because the housing only rotates
around its axis 2 and does not pivot relative to that axis (i.e.,
no tilt mechanism), there are fewer moving parts that a system
such as the CAL-S system. The cone scanning system is also
lighter, more efficient, more water tight, more robust, and
more economical to produce due to its simpler design.
Because it is lighter, the mechanism for lowering the laser
head into the cavity can be lighter, for example, by using
carbon rods, and therefore suitable for lowering or pushing
into voids at any angle. The navigation system can be the
same navigation systems as used for C-ALS or any other such
system known to those of ordinary skill in the art.

[0078] The navigation system should measure orientation,
pitch and roll to compensate for any bending or flexure of the
lowering rods once the laser head 10 enters the void 9.
[0079] As another embodiment of the present invention, is
a mobile cone scanning laser system that detects and
describes objects or topography in three dimensions. A par-
ticular example of a mobile laser scanning system is a cone
scanning laser system attached to a land, sea or air vehicle. In
the context of this invention, the moving vehicle can be any
land, sea or air vehicle, including but not limited to an air-
plane, helicopter, automobile, motorcycle, military vehicle or
boat. Forexample, FIG. 5 depicts a motor vehicle 17 traveling
in direction 17A and a cone scanning laser system 10 with a
rotating housing. Targets 20 are swept by both sides of the
cone creating a variable line scan. All surfaces are scanned
from two directions in each pass one from the leading edge of
the cone 18 and the other from the trailing edge of the cone 19.
[0080] A mobile cone scanning laser system according to
the invention may also be used in a preferred embodiment as
depicted in FIG. 6. A helicopter 21 has a cone scanning laser
system 10 attached to the front of its body. The cone-shaped
path of the laser beam emitted from the laser scanning system
can detect an obstacle such as a cable suspended in the air 22.
As the low flying helicopter 21 moves from position A to
position B and approaches the cable 22, two signals for each
scan are received—one from each side 4A and 4B of the cone
scan. The targets move progressively closer together as the
cone narrows on approach. This alerts the pilot that he is in
fact seeing a cable as opposed to a random noise. A line of
points are progressively generated on the pilots monitor
allowing time for averting the cables. Simultaneously, ground
profiles are generated on approach to the cable 22 giving
longitudinal and ground clearance indications.

[0081] Incontrasttothe cone scanning laser system accord-
ing to the invention, conventional aircraft line scanners, as
shown in FI1G. 7, only survey linear/downward swaths. Two or
more passes may be needed to obtain the data from the non-
conical lower beam path 4.

[0082] The cone scanning laser system according to the
invention as shown in FIG. 8 demonstrates that as an aircraft
21 moves from position 23 to 24, the leading edge of the cone
scan 25A surveys the target object 30 including the vertical
side from point 27 to point 29 and the trailing edge 26B
surveys the target object 30 including the vertical side from
point 29 to point 28.

[0083] In another embodiment according to the invention
shown in FIG. 9, an aircraft 21 has a cone scanning laser
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system 10 with a variable cone angle. By varying the cone
angle 5A, 5B, 5C, the size of the cone-shaped laser path is
changed 4A, 4B, 4C and a narrow or wide swath of territory
can be covered. A variable cone angle mechanism may also be
used to maintain a constant swath as the height of the aircraft
varies due to terrain undulations.

[0084] Inanotherembodiment shownin FIG. 10, an aircraft
21 contains a cone scanning laser system 10 with multiple
cone scanning lasers, each having a different axis of rotation
2. The path of the cone scans 32A, 32B and 32C provide
lateral, forward and downward cone scanning capabilities.
Such cone scanning with multiple lasers can provide efficient,
fast and accurate scanning of difficult terrain, including steep
hillsides, power cable routes and enable cable collision avoid-
ance.

[0085] In another embodiment, a cone scanning laser sys-
tem according to the invention can be mounted on a support
with a rotating mechanism that can pan up to 360 degrees. For
example, FIG. 11 is a diagram of a cone scanning laser system
33 mounted on a tripod 34 containing a rotating mechanism
35 with a pan range of 360 degrees 36. The cone scanning
laser system 33 has a housing 1 containing a laser 2 and
rotates about its axis 2. The cone scanning laser system 33
further moves as the rotation mechanism 35 on the tripod 34
moves about its axis.

[0086] FIG. 12 is a diagram of a multi-laser cone scanning
laser system, in which two lasers rotate about one axis of
rotation. This system is similar to the Dynascan System pro-
duced by Measurement Devices Ltd., except that the laser
scanning system is a multi-laser cone scanning laser system
according to the invention. That laser system contains a hous-
ing 1 that moves about an axis of rotation 2. The housing
contains two lasers 3A and 3B positioned at different angles
within the housing such that they project laser beams at dif-
ferent angles in the shape of cones 4A and 4B as the housing
moves about its axis of rotation. Both of the laser beams 4A,
4B are caused to rotate by the rotation of the housing 1 and
therefore both rotate about the same axis of rotation, i.e. about
a common axis of rotation.

[0087] FIG. 13 is a system according to the invention much
like FIG. 12, except that it contains three cone scanning laser
units 10A, 10B, 10C, and three integrated camera units 39A,
39B, 39C. The cone scanning laser units project cone-shaped
laser beam paths 4A, 4B, 4C, and the cameras can capture
images at different positions 40A, 40B, 40C. The system
further contains GPS antennas 37A, 37B, an RTK radio
antenna 38, and an inertial measurement unit such as a gyro-
scope within the system. Due to the cone scanning laser
system, the resulting 3D images prepared from the scans do
not have significant occlusions or black areas because the
scanning plane is not limited to the normal direction of travel.
[0088] FIG. 14 is a diagram of the system according to FIG.
13 (42) mounted on a ground vehicle 41.

[0089] FIG. 15 shows another alternative embodiment of
the invention. In this embodiment, the cone scanning appa-
ratus 100 comprises a housing 102 comprising a laser source
104, a first beam splitter 108 a second beam splitter 110 and
first 112 and second 114 detectors. The first 108 and second
110 beam splitters are mounted to a rotation unit 116 in the
housing which can rotate about an axis 118 within the hous-
ing. The first 108 and second 110 beam splitters therefore
rotate with the rotation unit 116. Furthermore, the first 112
and second 114 detectors are fixed to their respective first 108
and second 110 beam splitters and hence rotate with the
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rotation unit 116 also. In use, the laser source 104 emits a
beam 106 along the rotation unit’s 116 rotational axis 118
toward the first beam splitter 108 from which part of the beam
106 continues toward the second beam splitter 110 and part is
split to create a first measuring beam 120 which leaves the
housing 102 via a first rotation unit window 124 and a first
annular housing window 126, normal to the rotational axis
118. As shown in FIG. 15, the second beam splitter 110
diverts the beam 106 to create a second measuring beam 122
which leaves the housing 102 via a second rotation unit win-
dow 128 and a second annular housing window 130, at a
non-perpendicular angle to the rotational axis 118. Reflec-
tions of the first measuring beam 120 by objects back along
the first measuring beam direction (e.g. backscattered light
from the first measuring beam) are detected by the first detec-
tor 112 (as partially illustrated by dashed line 132) and reflec-
tions of the second measuring beam 122 by objects back
along the second measuring beam direction (e.g. backscat-
tered light from the second measuring beam) are detected by
the second detector 114 (as partially illustrated by dashed line
134). The output of the detectors is used to determine the
time-of-flight to the point on the object that caused the back-
scattering of the light beam and therefore determine its dis-
tance from the object. For instance, the output of the detector
is passed to a processor device (not shown) which calculates
the time-of-flight and/or distance to the object. In use, a motor
(not shown) continuously rotates the rotation unit 116 about
its rotational axis 118 and so therefore the first measuring
beam 120 rotates about the rotational axis 118 in a plane and
the second measuring beam 122 rotates about the rotational
axis 118. Accordingly, the first measuring beam 120 sweeps
around the rotation axis 118 in a plane and the second mea-
suring beam 122 sweeps around the rotation axis 118 in the
shape of a cone. As will therefore be understood, each of the
first 120 and second 122 laser beams are caused to rotate by
the rotation of the rotation unit 116 and therefore both rotate
about the same axis of rotation 118, i.e. about a common axis
of rotation.

[0090] As will be understood, the above described embodi-
ment could be modified such that the first 120 and second 122
measuring beams each describe cones as they rotate about the
rotational axis 118. Alternatively, the above described
embodiment could be modified such that the first 120 and
second 122 measuring beams each rotate in planes (e.g. par-
allel planes) as they rotate about the rotational axis 118.
Furthermore, first and second laser sources mounted to the
rotation unit 116 (e.g. with at least one of them and optionally
at least both of them angled such that their beam emits at a
non-perpendicular angle to the axis of rotation) could be used
instead of a single laser source and first and second beam
splitters. Further still, additional and/or alternative optical
components, such as mirrors, half-silvered mirrors, prisms,
corner cubes, opto-electric crystals and the like could be used
to control the path of beams emitted from the housing. As will
also be understood, the cone laser scanning apparatus could
be configured to emit three or more lasers from the housing by
suitably arranged lasers and/or optical components.

[0091] Inthe embodiment of FIG. 15 each laser beam emit-
ted from the housing has a corresponding detector for detect-
ing reflection of the beam from an object. Referring to FIG. 16
there is shown an embodiment of a cone laser scanning appa-
ratus 300 in which there is a common shared detector for each
laser beam emitted from the housing 302. In particular, there
is a single laser source and detector unit 304, a rotatable
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refractive optic component 305, first 306 and second 308
mirrors (in the form of prisms) which are mounted within and
fixed relative to a rotation unit 310 which is rotatable within
the housing 302. In use the laser source and detector unit 304
emits a beam 307 toward the refractive optic component 305.
The refractive optic component 305 causes the beam to
refract and therefore change direction. The refractive optic
component 305 is caused to continuously rotate by a motor
(not shown) about a rotational axis 311 and is configured such
that the beam is alternately directed toward the first 306 and
second 308 prisms, which respectively direct the beam out of
housing via first 312 and second 316 rotation unit windows
and first 314 and second 318 annular housing windows. The
path of the beam in each of these states is illustrated by lines
320 and 322 in FIG. 16. The rotation unit 310 is itself rotated
by a motor (not shown) about the rotation axis 311 at a
different rate to that of the rate of rotation of the refractive
optic component 305, e.g. at a slower rate. Accordingly, as a
result, the alternately emitted beams 320, 322 are each caused
to rotate by the rotation unit 310 about the same axis of
rotation 311, i.e. a common axis of rotation, in a manner that
describes first and second conical paths. The light beams will
be reflected by an object(s) in the vicinity of the cone laser
scanning apparatus 300 back along the same path and such
backscattered light will be detected by the laser source and
detector unit 304. The laser source and detector unit 304 is
synchronised with the rotating refractive optic component
305 such that backscattered light from the beam emitted
through the path through the first rotation unit window 312
and first annular housing window 314 can be distinguished
from backscattered light from the beam emitted through the
second rotation unit window 316 and second annular housing
window 318. The output of the detector can be used in similar
ways as described above, e.g. to determine the distance to
objects and for example to generate a 3D topographical map
of the scanned volume. Like with the other above described
embodiments, the apparatus of FIG. 16 could be configured
such that the first 320 and second 322 measuring beams are
each contained in a plane (e.g. parallel planes) as they rotate
about the rotational axis 118.

[0092] In the embodiment shown the conical paths face in
opposite directions but as will be understood this need not
necessarily be the case. E.g. they could face in the same
direction but take different conical paths, like that shown in
FIG. 2.

[0093] Besides the above embodiments related to the cone
scanning laser system, the invention may be further employed
in numerous methods of conducting a cone scanning opera-
tion to obtain information and 3D images of any object or
topography.

[0094] Inanother preferred embodiment is a safe method of
determining the presence or volume of any material by scan-
ning an area potentially containing the material with a cone
scanning laser system according to the invention. In a pre-
ferred embodiment, the material is a toxic substance,
unknown substance, radioactive material, radioactive waste,
flammable material, explosive material, chemically reactive
material, controlled substance or fluid leakage.

[0095] Thematerial of interest can be safely investigated by
inserting a cone scanning laser system according to the inven-
tion into an opening or borehole and used to identify and
obtain a 3D image of the contents of the cavity. In a preferred
embodiment, the opening or borehole is of minimal size to
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avoid leakage of the material or a byproduct of the material
through the opening or borehole.

[0096] Information gathered from any stationary or mobile
cone scanning laser system or method according to the inven-
tion may be further used to prepare or provide location infor-
mation, maps, terrain data, volumetric measurements, other
navigation or route guidance. The information may also pro-
vide images of buildings, structures, landforms, terrain, geo-
graphic formations, waterways, natural resources, or other
objects. The information may further be used to identify
traffic patterns, boundaries, obstacles, road conditions or
events. That information may also be used to identify the
presence, approach or retreat of moving objects, weapons,
vehicles, persons, or animals.

[0097] Other advantages of the stationary or mobile cone
scanning laser scanning system or methods according to the
invention include the ability to provide a cone scanning laser
system that is, relative to existing laser scanning systems,
more accurate, fast, reliable, lightweight, economical, robust,
and/or watertight. Preferably the cone scanning laser system
has a simpler design, e.g., through the use of fewer angles of
rotation for the laser housing.

[0098] All of the embodiments of the present invention
disclosed and claimed herein can be made and executed with-
out undue experimentation in light of the present disclosure.
While the embodiments of the present invention have been
described in terms of preferred embodiments, it will be appar-
ent to those of skill in the art that variations can be applied to
the compositions and/or methods and in the steps or in the
sequence of steps of the methods described herein without
departing from the concept, spirit and scope of the invention.

1. A laser scanning apparatus comprising a housing com-
prising at least one laser, in which the apparatus is configured
to emit at least first and second laser beams from the housing,
the at least first and second laser beams being rotatable about
a common axis of rotation.

2. An apparatus as claimed in claim 1, configured such that
the path of at least one of'the first and second laser beams is in
the shape of a cone when it moves about the axis of rotation.

3. An apparatus as claimed in claim 1 comprising at least
first and second lasers for generating the at least first and
second laser beams.

4. An apparatus as claimed in claim 3 in which the at least
first and second lasers are configured to rotate about a com-
mon axis.

5. An apparatus as claimed in claim 4 in which the at least
first and second lasers are rotationally fixed relative to each
other.

6. An apparatus as claimed in claim 1, in which the housing
is rotatable about an axis of rotation, and in which the appa-
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ratus is such that the at least first and second laser beams are
configured to rotate with the housing.

7. An apparatus as claimed in claim 6, in which at least one
of'the first and second lasers is positioned in the housing at an
angle such that the path of its laser beam is in the shape of a
cone when the housing moves about its axis of rotation.

8. An apparatus as claimed in claim 1, in which the first
laser beam is rotatable about the common axis of rotation
such that its path is in the shape of a cone when it moves about
the axis of rotation, and the second laser beam is rotatable
about the common axis of rotation such that its path is also in
the shape of a cone when it moves about the axis of rotation,
different to that of the first laser beam.

9. An apparatus as claimed in claim 6, in which the at least
first and second lasers are positioned in the housing at an
angle such that the path of their laser beams are each in the
shape of a cone when the housing moves about its axis of
rotation.

10. An apparatus as claimed in claim 8, configured such
that the at least two cones face in opposite directions.

11. A method of scanning using a laser scanning apparatus
comprising a housing from which at least first and second
beams are emitted from the housing, the method comprising:

rotating the at least first and second beams about acommon

axis such that they each describe a different path.

12. A method as claimed in claim 11, in which the method
comprises rotating the at least first and second beams such
that at least one of the beams describes a conical path as it
rotates about the common axis.

13. A method as claimed in claim 12, in which the method
comprises rotating the at least first and second beams about a
common axis such that they each describe a different conical
path.

14. A method as claimed in claim 11, in which the method
comprises rotating the housing so as to rotate the at least first
and second beams about the common axis.

15. A method as claimed in claim 13, in which the first and
second conical paths face in opposite directions.

16. A method as claimed in claim 11 further comprising
linearly moving the housing in a direction parallel to the axis
of rotation.

17. A method of scanning an object, comprising moving a
laser scanning apparatus past the object, in which the laser
scanning apparatus projects at least one laser beam at an angle
relative to the direction of travel so as to extend in both
forward and backward directions relative to the direction of
travel as the laser scanning apparatus moves past the object.



